of Agrobiological Science, was obtained from Hokkaido Prefectural Tokachi Agricultural Experiment Station. The frequency of soybean transformation was evaluated using a plasmid vector, pMDC123-IG, which was constructed from pMDC123-GFP (Sato et al. 2007 ) by replacing the sGFP gene (Niwa et al. 1999 ) with the intron GUS gene (Ohta et al. 1990 ). The original pMDC123 vector (Curtis and Grossniklaus 2003) contains the Bar gene as a selection marker with glufosinate-ammonium (Sigma-Aldrich) or Basta® (Bayer Crop Science).
Agrobacterium-mediated transformation of soybean was conducted as described by Sato et al. (2007) with four major modifications. Sterilized soybean seeds were transferred on a plate and maintained in a plastic container filled with sterilized water for one week at 26°C to adjust the water content of the seeds. The cotyledonary node of each explant was wounded by scratching with a stainless steel micro-brush (AS ONE, MBRS-02) ( Figure 1A ). The wounded explants were dipped in the Agrobacterium suspension with the cocultivation medium containing 0.02% of Silwet L-77 (Bio Medical Science). Elongating adventitious shoots were maintained in a rooting medium containing 6 mg l -1 glufosinate-ammonium for 2 weeks prior to transfer to another rooting medium without the selectable agent. The transgenic plants were assessed on the basis of a histochemical b-glucuronidase assay (GUS assay) as described by Sato et al. (2007) .
For Agrobacterium-mediated transformation, explants containing the cotyledonary node section were excised from seedlings 5-7 days old (Olhoft et al. 2001; Zeng et al. 2004 ). Recently, mature seeds which were preserved over desiccants (silica gel) at 4ºC were subjected to overnight imbibition, and were used for soybean transformation (Paz et al. 2006) . In a previous study, we also used mature seeds that were pretreated in this way as an explant for the transformation experiment (Sato et al. 2007) . In order to prevent generation of cracks or collapse in seeds upon sudden imbibition, we maintained mature seeds in a humid plastic container to increase seed water content gradually. This pretreatment increased the water content of the seeds from 5.6 (Ϯ2.1) % to 29.1 (Ϯ1.2) % after the 1-week incubation period. In the previous study, we used explants for Agrobacterium-mediated transformation without wounding the cotyledonary node sections and employing a method described by Paz et al. (2006) . In this study, the cotyledonary node of the explants was wounded using a micro-brush to enhance the infection with Agrobacterium ( Figure 1A ). We applied 0, 5, and 10 times of scratching on the cotyledonary node section before the infection. The more scratches were applied, the more prominent GUS expression was ( Figure 1B-D) . Application of a surfactant to the Agrobacterium suspension also improved the infection rate in a Chinese soybean variety (Liu et al. 2008) . In this study, 0, 0.02, and 0.04% of Silwet L-77 were added to the Agrobacterium suspension, and addition of 0.02% of Silwet L-77 resulted in optimal transformation efficiency for Kariyutaka. Ten scratches on the cotyledonary node section and application of 0.02% of Silwet L-77 to Agrobacterium suspension yielded the highest Agrobacterium-infection rate with normal formation of adventitious shoots ( Figure 1E ). The shoots were subsequently transferred to a rooting medium with 6 mg l -1 of glufosinate-ammonium. We found that some adventitious shoots were resistant to the glufosinateammonium ( Figure 1F ). Young T 0 plants formed flower buds immediately after transplantation to the soil ( Figure  1G ), resulting in production of T 1 seeds within 3 months of transplantation to the soil (Figure 1H, I) . In this study, we obtained T 1 seeds 5 to 6 months after Agrobacterium infection.
Up to five T 0 plants were generated from each explant pre-wounded by 10 times of scratching. We assigned the pertinent T 0 plant numbers (e.g., IG1-1 or IG2-1) and considered T 0 plants from the same explant as clones. We have summarized the frequency in the transformation that was performed with a protocol presented in this study (Table 1 ). The frequency of generating independent T 0 plants ranged from 8.0% to 14.8% with a mean 10.8% (relative number of independent T 0 plants to number of explants infected) in this study (Table 1) . Accordingly, the frequency of generating T 0 plants with the modified method was up to approximately 3-fold that in the original method (data not shown). In this study, we obtained 32 T 0 plants in total and 24 T 0 plants set seeds (Table 1) . These seeds were sowed and T 1 plants were subsequently grown. The existence and expression of the Bar gene were estimated from applying Basta onto leaves of the T 1 seedling (Figure 2A ). In addition to resistant test in applied Basta, a total of 18 T 1 plants from 4 T 0 plants (IG2-1, IG6-1, IG13-1, and IG40-1) was characterized by PCR analysis using the specific primers for the Bar gene, Southern blot analysis using the specific probe for the intron GUS gene, and a GUS histochemical assay. The intact region of T-DNA was integrated into the soybean genome and the intron GUS gene was stably expressed in all 16 resistant T 1 plants to applied Basta ( Figure 2B ). These results suggested that the resistance to Basta applied in T 1 seedlings was available to ascertain the transmission of transgene into the T 1 plants. The integration of the intron GUS gene was also confirmed in the other Basta-resistant T 1 plants. This analysis indicated that approximately 40% (13/32) of the T 0 plants stably transmitted transgenes to the T 1 plants ( Table 1 ). The transformation frequency based on the relative number of stable T 0 transgenic plants to number of explants ranged from 3.6% to 5.6% with a mean 4.4 % ( Table 1 ). The transformation frequency in the method presented in this study was 4 times as high as in that obtained with our previous method (Sato et al. 2007 ). Furthermore, the frequency was comparable to the highest efficiency (3.8%), which was expressed with the same definition as us, in a previous soybean transformation examined by Paz et al. (2006) . The test of resistance to Basta applied onto T 1 seedlings also revealed the existence of unstable T 0 plants on the transmission of transgenes to their T 1 progenies. A total of 11 T 0 plants failed to transmit the Basta-resistance into T 1 progenies, although these T 0 plant set seeds (Table 1) . Because these unstable T 0 plants might be chimeric plants or undergo gene silencing, it is necessary to confirm the integration of the Bar gene or intron GUS T. Yamada et al.
219
Copyright © 2010 The Japanese Society for Plant Cell and Molecular Biology Resistance test to applied Basta, PCR analysis using specific primers for the Bar gene, Southern blot analysis using a specific probe to the intron GUS gene, and GUS histochemical assay in Kariyutaka and 18 T 1 plants from 4 T 0 plants (IG2-1, IG6-1, IG13-1, and IG40-1) . Plant identification number of T 1 plant was indicated at the top of each lane. Basta-resistance is expressed as ϩ (resistant) or Ϫ (sensitive) at the top of each lane. Integration of the Bar gene is expressed as ϩ (positive) or Ϫ (negative) for PCR analysis at the top of each lane. Southern blot analysis was conducted by digesting approximately 10 mg of genomic DNA with the restriction enzyme Xba I and hybridization with the specific probe mentioned above. The size of the molecular weight marker is indicated on the left side of a panel. GUS histochemical assay is expressed as ϩ (positive) or Ϫ (negative) at the bottom of each lane. Two T 1 plants, IG40-1-6 and IG40-1-7, from IG40-1 showed negative results for all analyses. gene in these T 1 progenies. Stable T 0 plants were generated at the late stage of shoot elongation. Three T 0 plants out of 4, i.e. 75% of all T 0 plants, which were generated at 12 weeks after co-cultivation, possessed stable transgene(s) that were transmitted to their T 1 progenies, although only 7 T 0 plants out of 22, i.e. 32% of all T 0 plants, which were generated at 8 weeks after the co-cultivation, stably transmitted the Basta-resistance to their T 1 progenies (Figure 3) . Therefore, promoting the formation of adventitious shoots at 12 weeks after the co-cultivation also might lead to a higher frequency of stable transgenic plants. The transformation frequency of soybean was significantly increased with the method presented in this study. These improvements also might be applied to increase of transformation frequency in other methods of soybean transformation. An efficient and rapid transformation protocol is a key requirement for functional genomics. We hope that the transformation method described in this report will contribute to future studies in the molecular genetics of soybean.
